Following the great expansion of secondary education in the United States between 1910 and 1940, Sweden was one of the first Western European countries to attempt such an expansion by increasing the years of compulsory schooling and and improving access to academic type education by abolishing early selection. The reform was preceded by a large scale area based social experiment where 25% of the contry's municipalities were assigned to the reform. We use this assignment, together with rich individual data to evaluate this major educational interventions. Our key findings are that this reform increased the educational attainment of individuals with unskilled fathers. In addition it caused significant and large increases in the earnings of those with unskilled fathers and above median ability. * We thank
Introduction
Most West European countries implemented comprehensive schools between 1950 and the mid 1970s. In most cases, this implied that the number of years of compulsory schooling was extended and the streaming of more able students in separate schools was delayed or abolished (see e.g. Aakvik et al., 2003, or Leschinsky and Mayer, 1990 , for an overview). However, the impact of such important educational interventions on outcomes such as earnings is not well established. Sweden was an early mover in this process. Already in 1950 the Swedish parliament decided on a comprehensive schooling reform, which extended compulsory schooling from 7 or 8 years (depending on the municipality) to 9 years. The reform was to a great extent inspired by the great expansion of secondary education in the United
States between 1910 and 1940 (see Goldin, 1999) . What makes the Swedish reform interesting from an evaluation point of view is that it was not implemented all at once. Because of the controversial nature of the new policy, and to enable evaluations of the reform, it was decided that the reform should be preceded by a "social experiment" where the new system was implemented in a subset of Sweden's more than 1,000 municipalities. The experiment went on until 1962, when the reform was finally implemented.
In this paper, we compare the educational and labor market outcomes of a cohort of individuals going through the two different school systems while living in similar economic and social environments during schooling and working in the same labour market. The school system they faced was determined by whether the municipality they lived in was assigned to the reform or not during the experimental period that preceded the full implementation of the reform.
The unique nature of our data allows us to estimate effects for individuals with different levels of ability and on individuals with lower parental education separately. This allows a greater insight as to how educational interventions operate and which groups are likely to benefit most. Thus our analysis relates directly to key issues of policy as expressed in Heckman (2000) , Carneiro and Heckman (2003) and Krueger (2002) .
The design of the experiment and the timing of our data is such that a large proportion of the Swedish municipalities were assigned to the reform (about 25%).
In addition, those designing the experiment had to ensure that the treatment municipalities were representative of the whole population. This in itself provides an excellent area based treatment/comparison group design. In addition we have at our disposal a particularly rich data set with information at the individual and municipality level, which allows us to correct remaining imbalances between the treatment and the comparison sample, which are inevitable when assignment of the reform (treatment) is not random. We use propensity score matching for this purpose. grades and tests of subjects taught in schools -all test results were obtained before the split into the new and old school systems took effect. 3 We also observe detailed characteristics on the municipality of schooling, such as the number of inhabitants and the average income level at the time as well as indicators for local labor market.
When large cities were involved such as Stockholm, which is one municipality, part of the city was allocated to the reform and part not. In addition there are a large number of municipalities in both the reform and the control sample. All this makes it very likely that similar individuals growing up in effectively the same environment and eventually working in the same labour market can be identified in the treatment and control samples. Finally, we observe where individuals were born which allows us to test whether individuals moved in response to the reform and whether this could have biased the results.
The present study is related to two branches of the previous literature on the economics of education. The first one (surveyed in Card, 1999) aims to estimate the causal returns to education by exploring compulsory schooling laws to obtain exogenous variation in the quantity of education. An early example is Angrist and Krueger (1991) , who explores the fact that children are affected differently by state compulsory schooling laws in the US, depending on quarter of birth. Harmon and Walker (1995) use an extension of the school-leaving age in the UK, 4 but unlike the reform we study, the two reforms studied by Harmon and Walker were implemented in separate cohorts, making it difficult to distinguish the effects of the reform from cohort effects. Two studies, Margo and Finegan (1996) and Acemoglu and Angrist (2000) , use inter state differences in compulsory schooling and child labor laws in the US. However, both these studies have somewhat different focus compared to ours. Margo and Finegan restrict their study only to educational choice, while the primary interest of Acemoglu and Angrist is the "social" returns to education, which in contrast to the "private" returns also reflect externalities of education. To do this it is necessary to compare returns to schooling in different local labor markets. In our study, since each local labor market consists of many municipalities, we are able to study differences in outcomes for two different education systems on the same local labor markets; this however restricts the analysis to measuring the private return to the educational intervention.
The second branch, which contains a substantially larger amount of papers, consists of evaluations of experiments on organizational changes and/or extra resources to education programs (surveyed in e.g. Hanushek, 2002 and Krueger, 2001 ). Our study differs from most of these papers since it refers to a nation-wide experiment and use labor market outcomes, rather than performance measures from schools such as test scores and/or dropout rates, as outcome variable. One exception is, however, Duflo (2002) . This study analyses the effects of schooling on earnings by exploiting regional differences in the implementation of a large school construction program in Indonesia in the 1970s. The studies are, however, quite different since in the Swedish case we are evaluating a radical change in the schooling system, typical of many reforms in developed countries, and not so much an improvement in the infrastructure which should lead to an increase in the takeup of schooling.
Several very interesting results are obtained. First, the reform increased overall educational attainment as well as earnings substantially and significantly. But more interestingly it affected different ability groups in different ways. Thus when we focus on the group of individuals whose father was unskilled we find that the largest part of the educational effect is accounted for by those with ability below the median; however, the largest part of the increase in earnings is accounted for by those with ability above the median. There are no significant effects of the reform on the educational attainment of those with skilled fathers. Moreover, we do not identify any significant impact on their earnings either. Thus overall the reform improved the position of those from lower socio-economic groups and in particular those of higher ability.
The paper is organized as follows. Section 2 describes of the Swedish preand post-reform education systems as well as the social experiment preceding the education reform. Section 3 discusses estimation and the interpretation of the estimates. Section 4 describes the data set. It also compares characteristics of municipalities assigned to the reform to those not assigned and the characteristics of the "treated" and "non-treated" individuals. Finally, it compares the characteristics of the pupils who changed reform assignment from their municipality of birth. Section 5 presents the results on the impact of the reform on educational attainment and earnings. Section 8 concludes. Appendix A gives additional facts on the data set and, finally, Appendix B presents a simple theoretical framework for educational choice, which is used for interpreting the results.
The 1950 Education Reform

The Pre-Reform School System and Background to the Reform
The pre-reform basic education consisted of two main parts: A basic compulsory school (folkskolan) and a junior secondary school (realskolan). The first six years were common for these programs, i.e., all pupils went to the same classes. After sixth grade the more able students were selected for the junior secondary school.
The selection was in general made on grades. Those who did not enter junior secondary school continued one or two years in basic compulsory school. The compulsory schooling was, thus, at least seven years and in some municipalities, mainly in city communities, eight years. The basic compulsory schools were administrated by the municipalities.
The junior secondary school was a prerequisite for the upper secondary school, which, in turn, was a prerequisite for higher education. The junior secondary schools were, with some exceptions, administered by the national government.
Before 1958, the length of this education varied between three and four years depending on region, but in a reform in 1958 it was unified to three years, which implied that those who graduated from junior secondary schools in general had nine years of schooling before they could enter upper secondary school.
In 1940, a parliamentary committee of experts on education policy was appointed by the government. There was a consensus on some of the problems of the pre-reform school system within the committee. First, by that time, Sweden, compared to other countries, had a relatively short compulsory education: the student finished compulsory school at age 13 or 14. As a comparison, enrollment rates in high-schools were above 80 percent in most parts of the United States (see Goldin, 1999) . Second, an increasing proportion of students wanted to continue on to junior secondary school. The share of students who actually continued in the junior secondary school increased from about 10 percent in 1930 to about 40 percent in 1950 (see Erikson & Jonsson, 1993) . The resources for that kind of education were, however, not sufficient to meet the demand. Finally, the fact that the curriculum of the schools differed between the municipalities and that there was no unified path to higher education were seen as limitations of the existing educational system.
The main controversy in the political debate preceding the reform was between those in favor of a comprehensive school and those who wanted to maintain the parallel school systems, split by ability. A similar debate preceded the decision to postpone admission to the selective junior secondary school from the fourth to the sixth grade in compulsory school in 1940. The advocates for a comprehensive school, supported by the social democratic government, argued that such a school system would improve equality of opportunity. The social selection to junior secondary schools was claimed to be a problem. A comprehensive school was seen as more "democratic" (see e.g. Paulston, 1968 , or Myrdal, 1939 ) and the expansion of the US high school system was used as a model.
Those who wanted to maintain the parallel school system, represented in particular by the conservative party in the school committee, were worried that the standard of the students entering upper secondary schools and universities would decrease and that the most able students would be less stimulated if the junior secondary schools were abolished. By that time, most European countries, in particular Germany, had parallel school systems.
The school committee's proposal in 1948 was to replace the old compulsory and junior secondary school with a nine year compulsory comprehensive school. The compromise towards those who wanted to maintain the parallel school systems was that the students were able to choose between three different levels after sixth grade: one with a more academic curriculum, one general level and one level which included vocational training.
In addition to the increase in the number of years of compulsory schooling, the main difference from the pre-reform school system was, that all students went to the same schools rather than separate ones, as before the reform. There was a centrally decided curriculum for all schools, which differed from the pre-reform compulsory schools where the curriculum was decided by the municipalities. English was taught from the fifth grade, which was earlier than most pre-reform compulsory schools. As in the pre-reform junior secondary school, specialized teachers were introduced for different subjects in the last three grades (year 7 to 9) of the proposed comprehensive school.
The Social Experiment
The There were at least two reasons as to why a nationwide experiment was set up before the implementation of the new school. First, there was a widespread belief in scientific evaluations among the generation of Swedish politicians who were active at that time, in particular among those involved in education policy.
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In their view, an experiment was a means for improving different aspects of the proposed new school. Second, and more importantly, it was a way of resolving different views, described above, within the parliamentary school committee. An experiment with a comprehensive school was a first step in a compromise.
In the experiment, the proposed comprehensive school was implemented by areas, entire municipalities or parts of city communities, rather than by separate schools or classes. By the time the experiment started, Sweden was divided into 5 See Marklund (1981) for several quotes on that.
about 2,500 city communities and rural municipalities. The first two years of the experiment were administered through the parliamentary school committee. The municipalities selected to try out the new system in these first two years (1949 and 1950) had to fulfil two requirements (1) The length of the compulsory schooling should be 8 rather than 7 years -a requirement that was dropped two years later.
(2) The demographic structure of the municipality should permit a continuous flow of pupils into the new school system. On this basis 264 municipalities were considered eligible of which 144 declared an interest in implementing the new system. Of these, 11 municipalities and 3 parts of city communities were the first to be selected into the program. The rationale for choosing these particular areas, was that they were considered to be representative, demographically and geographically, for the entire country. After two years, the administration of the experiment was taken over by a special unit of the National school board. As the experiment proceeded, it is less well documented how the municipalities to be included in the experiment were selected. It is, however, evident that the basic structure of the selection was maintained throughout the experiment. First, the municipalities were contacted, or applied directly, to be included in the experiment.
From these applications, the administration selected the participants with the aim of obtaining a "representative" sample of municipalities.
Finally, at least up to the evaluation in 1957 (see Försöksverksamhet med nioårig skolplikt, 1959), and probably also after that, there were more applications than admissions in the experiment.
When a municipality introduced the new school system it implemented it either for the cohort of pupils who where in fifth grade at the time of the decision or for those who were currently in the first grade, effectively delaying the start of the programme. will be looking at (born in 1948) was assigned to the experiment (1960/61) the number of municipalities and cities was 1,037 and Table 1 shows that the reform was implemented in 28 percent of these.
Reform Implementation and Social Policy
Since compulsory schooling was extended in the municipalities where the comprehensive school was implemented, and since some of the students would have started to work immediately after finishing the pre-reform compulsory school, the financial burden for some of the families increased as a result of the experiment.
This problem was extensively discussed in the debate proceeding the experiment. 6 Under the matching assumption (selection on observables) we can use the earnings of those not assigned to the reform (D i = 0) to estimate the average counterfactual earnings for those who were as-
, where X i represents observed characteristics. Rosenbaum and Rubin (1983) shows that it is sufficient to match on the propensity score instead of matching on values of the vector X i . The propensity score P (X i ) is the probability of assignment to the reform conditional on characteristics X i . Define the observed log earnings as ln
The treatment on the treated parameter can be written as
} where E F 1 denotes that the expectation is taken with respect to the distribution of the propensity score in the treatment sample. The first expression is the unconditional average in the treatment (reform) sample.
The expectation in the square bracket of the second part of this expression is the conditional expectation of log wages given the propensity score, in the non-reform sample. This is then averaged using as weights the distribution of the propensity score in the sample of the individuals who went through the reform.
To implement this matching estimator we estimate the propensity score using a probit of whether a person went through the reform on our matching vari-
on the sample of individuals not assigned to the reform. 7 We repeat this for the reform sample to estimate
. Each individual in the reform sample is matched to the nearest neighbor in the non-reform sample, based on the value of the estimated score. At this point, we also impose a tolerance level; if the absolute difference of the propensity scores between the treated individual and the nearest neighbor in the control sample is not small enough we reject that treated individual and leave the observation unmatched. We then average the difference between the smoothed earnings of the treated individual (i.e., the estimate of In what follows we consider the impact of the reform on earnings and on education attainment, using the method outlined above. Our outcome variable when evaluating the impact of the reform on educational attainment is the level of education achieved (qualification). We also construct a measure of years of education as an outcome, based on the level attained.
Finally, we use the block bootstrap to compute standard errors and bias corrected 95 percent confidence intervals for the estimates of the impact T T (see Horowitz, 1999) . The standard errors and the confidence intervals and any test statistics we present allow for cluster effects by municipality which is the unit of treatment (see Moulton, 1986) , for dependence over time where we have multiple observations over time (i.e. for the income outcome), as well as for the fact that the propensity score is estimated.
Data
Measurement and Sample Selection
We use data from the Individual Statistics (IS) project of the Institute for Education at the University of Gothenburg 9 merged with administrative data on education level, reform assignment and pre-tax earnings obtained from tax records for the years 1985 to 1996.
The IS project has produced six separate data-sets corresponding to the birth uals. This tends to improve precision slightly. In 1961, the experiment with the new comprehensive school was still in progress and, as is evident from Table 1 An important feature of the data, from a reform evaluation perspective, is that all measures of student ability were obtained at an age when all students had the same quantity of education and relate to the year before the children in the nonreform sector were split between the two tracks (vocational and junior secondary).
Thus, the test scores are not the outcome of educational choice.
10 See Appendix A for descriptions on all these variables.
Information on levels of education were obtained from the so called SUN-code from the National Education Register. We use information on seven broad educational levels only, which are comparable before and after the reform. These levels are briefly described in Table 2 together with the corresponding names of equivalent US and UK educational levels. We also report estimated average years of education corresponding to each level. Given the administrative nature of the data, and the fact that we are measuring levels there is very little scope for measurement error in education.
We use all the test scores and grades included in the IS data set to measure intellectual ability. In order to obtain a flexible specification we transformed the test scores into decile groups and then generated indicator variables for each decile group and each test score. 11 In a second step, a principal component analysis was carried out on all the indicator variables. This is useful because for some of the analysis we will divide the sample into two groups by ability. To do that we use the first principal component (Abil1), i.e., the one accounting for the largest share of the variance. Table 14 in Appendix A shows the factor loadings of the first three principal component. Since the factor loadings of the first principal component are increasing in test scores and grades (positive and increasing for above median test scores; negative decreasing for below median scores) the interpretation of it is unambiguous: It gives high numerical value for high achievers and low for low achievers.
Sweden is divided administratively into 24 counties, each of which contains a number of municipalities within commuting distance of each other. The counties are often used to define local labor markets (see e.g. Westerlund, 1997) . Importantly, all counties but one had some reform and some non-reform municipalities.
The final sample size was 5744 men and 5540 women. For each we observe earnings for the entire (or part of) the 1985 to 1996 period. 1 This level corresponds mainly to vocational education. 2 The three or four year upper secondary schools have a more academic curriculum compared to the those corresponding to level 3 and are required for most studies at the college/university level. Corresponding to sixth form of a comprehensive school (UK) and senior high school (US). 3 Shorter college or university educations, e.g. educations for nurses and elementary school teachers, as well as unfinished longer university educations. 4 Degrees from longer university or college educations, e.g. business administration, law, engineering or medicine. 5 The licentiate degree is a shorter, compared to the Ph.D., post-graduate university education. 6 Estimates of the average number of years of schooling for each level of education are obtained from the Swedish Level of Living survey for the cohorts born between 1945 and 1955. 
Comparing the Reform and Control Samples
The data-set contains information from individual IQ-tests as well as results from several tests on knowledge in different subjects taught at school.
12 Table 3 shows the difference of the average scores in the reform area form the non-reform ones, for the various tests. We also show the differences within the big cities (2nd pair of columns) and the rest (3rd pair of columns). As can be seen, the average results on these tests are very similar. In most cases the differences, which are relative to a scale of 0-100, are not statistically significant and in addition they are very small.
The proportion of skilled parents was higher in the reform municipalities but, once we condition on being in a big city or not, the difference becomes insignificant. Our presumption is that these results lend support to the idea that reform assignment is not correlated with unobserved ability. Table 3 : Differences in average test scores between pupils assigned to pre-and postreform school systems. Men and women. Standard errors corrected for clustering within municipalities in parentheses. Table 4 compares some key characteristics of the city communities and municipalities which were included in the experiment to the excluded ones for the 1948 cohort. 13 To measure average income level we use the per capita income tax base in hundreds of SEK in the municipality or city community. The tax level is the percentage level of the proportional municipality/city community income tax.
The data applies to 1960, the year before the tests and interviews for the IS survey were carried out. Data on father's education level is obtained from the survey and measures whether or not the individual's father had more than six or seven years of compulsory schooling.
A larger fraction of the pupils in the reform groups live in Stockholm and in Sweden's second and third cities, Gothenburg and Malmo, compared to the control group. However, since the comparison group includes communities in all these three cities the matching method will control for this. The differences in the characteristics within the other city communities and municipalities seem quite modest.
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The municipalities in the experiment are on average somewhat larger than in the control group. We control for this by including the municipality characteristics in the propensity score that balances the reform and non-reform sample. We find that we can always find similar areas to our treatment municipalities among the comparison areas A final issue relates to the pre-reform years of compulsory education. Some municipalities before the reform had 7 years of compulsory schooling while some had 8. Although at the start of the experiment in 1949 it was required that the participating municipalities had 8 years of compulsory schooling, this requirement was soon abandoned and only affected 2.3 percent of pupils allocated to the re- 13 The data on characteristics for each of the 914 municipalities and 123 city communities were matched using the municipality code for area of living included in the survey. The number of municipalities and city communities was reduced from about 2500 to 1037 in 1952.
14 We cannot make income comparisons etc. for the three big cities since these cities all belong to the same municipality and our available data is at the municipality level. However, parts of these cities were allocated to the control group and part to the treatment. form for our cohort (see Table 1 in Section 2) 15 To check whether there was any systematic difference in the years of compulsory education between the municipalities assigned to the reform (for our 1948 cohort) and those not assigned, we used data on the 1930-40 cohort, which are not affected by the reform, drawn from the Swedish Level of Living Survey. The estimated difference in the pre-reform years of compulsory schooling between the treatment and control municipalities is 0.14 of a year and this is not significant (standard error 0.11). This accords with an assessment provided to us by an official of the, Swedish Ministry of Education.
In the experiment
16 15 According to an educational scientist, Mac Murray, who has studied the experiment when it was still evolving, the municipalities did not differ systematically with respect to pre-reform years of compulsory schooling. 16 Personal conversation with Mac Murray an educational historian, who served as an official at the Ministry of education and National School Board which administered the experiment.
Mobility between Reform and Non-Reform Municipalities
Using the 1978 census we were able to match into our data the municipality in which our individuals were born. We then found the reform status of the birth municipality as it was in 1960, the date relevant to our evaluation. 17 Using this information we investigate whether there has been any selective movement and we carry out sensitivity analysis for our results.
We found that about 4.3% of the sample was born in a non-reform municipality and changed to a reform one and an equal amount went the opposite way. In itself, these small numbers of individuals who changed reform assignment shows that the scope for bias due to selective mobility between municipalities is very limited.
However, we will now look at it in more detail.
In Table 5 we compare characteristic of those who move to those who do not move, conditional on the status of the municipality of birth. There are two main conclusions from this table. First, those who change reform status from the birth municipality (whatever the origin) on average have fathers who are better educated.
Second, those who change status to avoid the reform tend to have higher IQ scores (2.2 percentage points). There are no obvious differences between those who move into a reform area and those remaining in the municipality of birth, given the latter was a non-reform one (lower panel of the table).
However, we can condition on these characteristics. The key issue is whether there is selection on unobservables when moving and whether these unobservables are relevant for earnings. To see how much scope there is for selection on unobservables we test whether conditional on these characteristics, being born in a municipality of a certain type causes one to change reform status. Thus in the top panel of Table 6 we show the impact of having been born in a municipality 17 Of the 11,950 individuals included in the original data-set, we were able to match on information on municipality of birth to 10,949. Of these we were able to classify reform assignment of their municipality of birth for 78.5 percent. Those who we were not able no classify were to a large extent born in large city communities, part of which were assigned to the post-reform school system and part to the old one. which was subsequently assigned to the reform, on the probability of moving to a non-reform municipality as opposed to staying at the municipality of birth or moving to some other reform municipality. None of these effects are significant at conventional levels.
In the bottom panel of Table 6 we show the impact of being born in a non-reform municipality on the probability of moving to a reform one. We find that there is a marginally significant effect of moving into the reform for low ability individuals with fathers of low education. However, overall the effects are insignificant. Table 6 : The effect of being born in a reform municipality on the probability of moving to non-reform areas uate whether our results are likely to have been affected by this limited selective movement. To preempt, we do not find any evidence of bias.
Results
The Effect of the Reform on Education.
A change in the education system as radical as the 1950 reform could affect schooling in a number of ways. There is a direct effect due to the increase in the amount of compulsory schooling, potentially affecting about 25 percent of the individuals in the male sub-sample and about 20 percent among the females. Then there is the set of measures designed to facilitate the transition to higher education, including the abolition of selection at 12 years of age. 18 The curriculum in level 3 (Upper secondary school 2 years) became more academic, making the transition to the Upper secondary school and beyond easier. Finally, a means-tested stipend was introduced to "compensate" disadvantaged families in the reform areas who had to send their children to school longer. The means tested stipend was provided only up to the end of the new compulsory school.
The reform may have also affected educational attainment through general equilibrium effects. Lang and Kropp (1986) for example find evidence that differences in compulsory attendance laws in US states affect enrollment rates to education levels not directly affected by the laws. The mechanism could operate through wages or through a reduction in the signalling value of lower education levels (as the authors argue). In the Swedish case these GE effects are likely to affect both reform and non-reform areas in a similar way since a) the reform and non-reform municipalities coexist in the same labor market (i.e. the county or a large city such as Stockholm) and b) the new system was expected to be implemented nationally.
The effects we measure should be interpreted as impacts on individuals given the aggregate impact of the experiment and given the expectation that the reform 18 There is a sociological literature on how delayed streaming can affect educational choice education, attenuating the effects of social background, (see e.g. Erikson and Jonsson, 1993) .
would be implemented nationally, with a resulting increase in educated workers, as we will now show. Table 7 We report bias corrected bootstrap 95 percent confidence intervals and the standard deviation of the bootstrap. In all cases we allow for clustering at the municipality level which is the treatment unit. Moreover, in computing the standard errors we also allow for the fact that the propensity score is estimated.
The largest impact of the reform was to shift those who would have stopped at the old compulsory level (basic school) to the new compulsory level (comprehensive school). For the matched sample the proportion stopping at education level 2 (which pre-reform was the Junior secondary school and post-reform constituted 19 Probability of being assigned to the reform. 20 See Section 4.1 for characterization of counties in Sweden. 21 Table 13 in Appendix A presents descriptive statistics of variables included in the analysis.
the new comprehensive school) increased by 10 percentage points for males and by 8 percentage points for females. The importance of controlling for the observable differences in the characteristics of those in the reform and those not is apparent when we compare this result to the unmatched change, which is larger.
As can be seen from the table a small proportion of individuals assigned to the reform dropped out after the pre-reform basic school, "evading" the increased compulsory schooling level. These persons could have moved out of the municipality included in the experimental group after age 12 when the data on reform assignment was collected, or they could have obtained an exemption from completing the extra compulsory schooling.
At the bottom of the Table we summarize the impact of the reform on levels not directly affected by the change in the compulsory schooling laws, i.e. levels 3 to 7, access to which the reform was intended to improve. There we see that there is no significant overall increase for men -rather there seems to have been some The reform is likely to have had different impacts depending on individual ability and family background. Lower achievement/ability may lead pupils to want to drop out earlier and lower parental education (given ability of the children) may restrict educational opportunities, either due to financial factors or because less educated parents provide less encouragement to their children. We illustrate these points in a simple theoretical model in Appendix B. In what follows, high ability individuals are defined as those with the first principal component of our 44 ability indicators above the median for the whole population(i.e over all parental backgrounds, see Section 4.1 for the background to this procedure). We associate parental background with father's education and we define "low father's education" as those individuals whose fathers completed only the statutory level of education (also referred to as unskilled). The rest are referred to as "high father's education" or skilled.
The results from the analysis by group, shown in Table 8 for males and in Table   9 for females, is based on propensity score matching. 22 For both men and women, the largest and most significant impact of the reform on educational attainment is concentrated at the bottom of the education distribution for individuals with unskilled parents. Moreover, as expected the impact is largest for the low ability individuals for whom there is a large shift from the lowest level of education to the post-reform compulsory level. There is also a marginally significant increase of 1.7 percentage points in University attendance for men only, which is consistent with the improved access that the reform allowed. No other significant change is observed.
For the high ability individuals with unskilled fathers there is a smaller shift from the old compulsory schooling level to the new one, reflecting the fact that many of this group continued beyond that level anyway; however, this effect is significant both in size and statistically and it demonstrates that this kind of educational intervention is relevant even for high ability individuals (with unskilled fathers). These relatively small changes are not reflected in a significant increase in the average years of education for this group.
For those with parents of a higher education level it was not possible to obtain any precise results when splitting by ability. For the group as a whole it is evident that the increase in compulsory schooling had no significant effect at the bottom of the education distribution. 22 In this case matching takes place within each group including the same variables as before.
In Table 10 we present results pooled for men and women where precision is improved and the overall picture is confirmed: The reform had a large impact on the educational attainment for low ability individuals with unskilled parents and much less so for the educational outcomes of the high ability ones of the same group.
The results for thise with skilled fathers are too imprecise to be informative overall.
However, it is confirmed that there was no significant effect of the reform on the educational attainment at the bottom of the education distribution, reflecting the fact that irrespective of ability, most individuals with skilled fathers went beyond the old compulsory school level.
The Effect of the Reform on Earnings
In Table 11 we present estimates of the impact of the reform on log-earnings for both men and women, based on propensity score matching, exactly as in the previous section. Again, we also present the standard deviation of the bootstrap and bias corrected bootstraped 95 percent confidence intervals. 23 The outcome we consider is average log pre-tax earnings over the period 1985-96 as observed in the tax registers.
Overall the reform increased earnings by a significant 4.4 percent. In terms of point estimates the effect seems to be higher for females than for males. Most of the effect comes from a large and significant increase in the earnings of individuals from low parental background of more than 6 percent. The impact is effectively equal for both men and women and it is highly significant. For individuals with skilled fathers the point estimates are negative, which could point to a detrimental effect of abolition of selection. However, these results are completely insignificant.
We then proceed to estimate the effect of the reform separately for high and low ability individuals of low parental background. 24 Overall, as well as for men 23 The standard errors and the confidence intervals allow for arbitrary serial correlation in earnings and for clustering by municipality. They also allow for the fact that the propensity score is pre-estimated. 24 No further insights could be gained by splitting up the High parental education group in Notes: Standard deviation of the block bootstrap in round brackets allowing for clustering by municipality.
Bias corrected 95 % bootstrap confidence interval in square brackets. Matching controls as in Table 7 .
Source: IS Survey, 1948 cohort. Notes: Standard deviation of the bootstrap in round brackets allowing for clustering by municipality.
Source: IS Survey, 1948 cohort. Notes: Standard deviation of the block bootstrap in round brackets allowing for clustering by municipality.
Source: IS Survey, 1948 cohort. and women separately, we find that the point estimates of the impact for high ability individuals is nearly twice as high (more than twice for women).
Mobility and the Impact of the Reform
As we reported in Section 4.3 there was a limited amount of selective mobility in and out of reform municipalities. To assess whether this is likely to bias our results we reestimate the effects of the reform on schooling and earnings using those who remained in the municipality of their birth. Our results are presented in Table 12 .
The results are almost identical to those obtained from the whole sample and not significantly different for any group analyzed. The p-values reported in the table
shows that we cannot reject equal returns to the reform in any of the groups, nor
for the entire population. Thus it does not seem to be the case that mobility was driven by unobservable characteristics that are relevant for the determination of earnings.
Discussion and Conclusions
In this paper we evaluate the impact of a major reform to the Swedish education system. This reform had a number of elements that have either been implemented or are being discussed in many countries. It increased compulsory schooling and introduced a comprehensive school system that was not based on selection by ability into different streams (tracking), as the old system was. Finally, it introduced means tested subsidies for education. The reform was preceded by a unique social experiment where the new comprehensive school was implemented in a number of municipalities at the same time as other municipalities were still operating the old system. Thus we are in the unique position of evaluating a reform of broad interest using exceptional data.
We consider the impact of the reform on educational achievement and on earnings. The results show an unambiguous increase in schooling for children of both high and low ability. The results were too imprecise to draw any useful inferences. Table 7 . Table 12 : The impact of the reform on earnings. Non-movers genders originating from poorer backgrounds. The increase in education is particularly large for those below median ability. However, we find that education did increase for the high ability individuals as well, particularly for males. We find practically no effect of the reform on the educational attainment of children from wealthier backgrounds, indicating that very few if any of this group would drop out at the statutory schooling level.
Males
Earnings increased significantly overall as a result of the reform and this is mainly due to a large impact on earnings for the high ability individuals from a lower parental background. While the point estimates are positive for the lower ability individuals of the same parantal background, the effect is not as significant.
Set against the impact of the reform on educational attainment, it seems to imply that the extra education obtained by the low ability group did not translate to much higher earnings.
However, the education reform seems to have led to important earnings gains for the high ability group with unskilled fathers, who altogether form about 40% of our sample. These gains have come about despite the relatively low impact of the reform on the educational attainment of this group. This may indicate that a small, but significant number of them faced credit constraint that prevented them from taking extra education, despite its obvious financial advantages for them. They may have also been missinformed about the potential benefits. It should also be pointed out though that the reform did not affect just the quantity of education but also the way this was delivered and its overall quality including curriculum changes at younger ages of high school.
The results obtained in this study have a historical significance and an impor- Results from test on achievement in different subjects taught in school.
(a) IQ tests. The three different IQ tests measure three different aspects of intellectual ability. First, the verbal ability is measured by the test Opposite (The respondent is asked to choose the opposite of a word from four given choices).
Second, the spatial ability is measured with the test Metal folding (The respondent is asked to choose which three dimensional object from four given alternatives that can be obtained from a given flat piece of metal). Third, the mathematical ability is measured through the test Number series (The respondent is asked to complete a given series of numbers).
(b) Achievement tests. The ability in reading, writing, English, and mathematics, all subjects taught in the compulsory school, are measured by standardized tests.
All test scores were collected in 6th grade, i.e. for most children before the impact of the streaming in the pre-reform school system had any effect.
(3) Register information on the students performance and type of school. Data on grades were obtained by matching the samples with a national register provided by the National School Board. In the pre-reform grade system the grades were set in seven levels, while the post-reform school applied a five level scheme. These grading schemes were made comparable by transforming the highest and lowest two levels in the pre-reform scheme to the highest and lowest level respectively in the post-reform scheme. The National School Board register also provided information on the type of school attended, i.e. whether or not the student followed the new, post-reform school system. dividual specific wage returns to education. Utility in both periods is assumed to depend on consumption only and not on education directly. 25 Hence, the choice of education is driven by life-cycle wealth maximization. Education choice is the 25 However the costs of education could be thought to include any effort costs. (1) where r i is the borrowing (discount) rate for individual i. In a perfectly competitive market the discount rate is a constant (r i ≡ r). In the presence of liquidity constraints however, certain individuals will face higher discount rates r i while others lower. It is easy to establish that in this model The first expression (I) implies that individuals with a higher discount rate r i will obtain less education than otherwise. The second expression (II), whose sign follows directly from the first order conditions, 26 implies that in this model individuals with greater ability will obtain more education, despite the increased first period opportunity cost. Finally, the third expression (III) establishes that an improvement in first period labor market opportunities will lead to a decrease in educational attainment. .
We now consider the impact of the education reform on individuals with unskilled parents and those with skilled parents. Assume (for now) that conditional on observed ability, parental education has no influence on either the costs or benefits of education; however suppose that those with unskilled parents are liquidity constrained with borrowing rate r is the discount rate for those whose parents are skilled. Given ability, the reform will impact primarily on the education levels of those with unskilled parents, since they will have lower initial levels of education due to discounting. Within that group it should have a greater impact on those with lower ability, since their optimal pre-reform level of education should be lower as implied by the expression for affect m i (s) with the same conclusions for this point. For those with no liquidity constraints the change of the compulsory schooling level will still have an impact to the extent that they are low ability and have a very low marginal benefit (relative to cost) of education. Thus, we expect little, or no, impact of the reform among those with skilled parents and high ability.
Finally note that liquidity constraints are just one interpretation as to why children from poorer backgrounds have lower levels of education than equally able children from wealthier parents. Other potential reasons include higher marginal costs (due say to adverse social pressure) or lack of information about the returns.
